Thrombosis events usually occur after prolonged bedrest, pregnancy, hormonal therapy, recent surgery and in the presence of inherited or acquired thrombophilia. However, several other diseases are often associated with thrombosis although their frequency is not easily estimated. Eosinophilia is one of these conditions. From a clinical viewpoint it is very difficult to understand which conditions might lead to a thrombotic event because the underlying pathophysiological mechanisms are different. Here, we report a case of idiopathic hypereosinophilia associated to venous thromboembolism without any other associated prothrombotic condition.
Background
Several clinical conditions associated with chronic hypereosinophilia are already known. The most common are Churg-Strauss syndrome (CSS), hypereosinophilic syndrome (HES), and chronic eosinophilic leukemia (CEL), all associated with an excess of eosinophilic cells in bone, in peripheral tissues, vessels, bone marrow or other connective tissues. [1] [2] [3] Clinical manifestations of chronic eosinophilia are usually associated with local degranulation of eosinophilic cells inducing local and\or systemic inflammation; in these cases the number of eosinophilic cells is always more than 12% on a total WBC count of 10,000 mm 3 . 4 Beside local or systemic inflammation or allergy, other complications such as thrombosis of small or large vessels may appear in these patients. 5 Thrombotic complications may occur in several regions and venous thromboembolism (VTE) is one of the most common clinical thrombotic complications associated with hypereosinophilia. 5, 6 Little is known from a pathophysiological point of view concerning the generation of a prothrombotic condition induced by hypereosinophilia but other environmental prothrombotic risk factors may occur in each patient with hypereosinophilia as far as a possible association with inherited thrombophilia or hormonal treatment or pregnancy or recent hypomobility or recent surgery. 7 We report a clinical case in which an adult without personal and familial history of VTE but with chronic hypereosinophilia developed a sudden VTE without association with further environmental thrombotic risk factors, suggesting a possible direct link between hypereosinophilic conditions and venous thromboembolism.
Case History
BA a 60 year old man was referred to the ER because of a sudden pain to his left leg that began nearly 24-30 h before and did not improve after full doses of NSAIDs (ie ibuprofen 1200 mg daily). At physical examination of the left leg revealed a moderate swelling and clinical signs of Homann and Payr were present so inferring a suspicion of deep vein thrombosis (DVT). His anamnesis revealed chronic hypertension and hypercholesterolemia treated with lisinopril 20 mg daily and atorvastatin 10 mg daily; no previous thrombotic event (ie atherothrombosis or VTE) or recent hypomobilization or recent surgery were detected. While past anamnesis revealed history of skin allergy without significant complications or recurrences by more than 15 years; in order to confirm this last condition the use of last anti-allergic medication was referred more than 15 years before. Increase of sweating was not referred to by the patient as weight loss in last three months.
Ultrasound vascular scan of leg was performed and revealed a proximal DVT. Hemodynamic signs were good with blood pressure 130/70 mmHg, ECG in sinus rhythm and pulse oximetry 97% in normal breath (without any type of oxygen administration); therefore, because systemic symptoms as dyspnea or syncope or chest pain were not mentioned by the patient, pulmonary angio-CT scan of lung was not required.
A treatment based on low molecular weight heparin, enoxaparin, (100 U/kg twice daily) was started and followed after one week by a direct oral anticoagulant administration, edoxaban 60 mg daily for long-term treatment.
The event appeared as a nonprovoked VTE (ie not associated with common risk factor as recent hypomobility or recent surgery) so a full screening of potential underlying causes of VTE was ruled out. Inherited thrombophilia was looked for and tested negative such as acquired thrombophilia with antiphospholipid antibodies testing (Table 1) ; occult malignancy was excluded after a screening based on chest X-ray, colonoscopy, abdominal ultrasound scan, cerebral CT scan. Abdominal and thoracic CT scan was planned one week after and did not reveal any type of pathology nor lymphadenomegaly or splenomegaly.
General blood samples did not reveal any type of alteration of kidney or liver functions but a hypereosinophilia was detected with levels of 1800 mm 3 (20% of total white blood cell count).
The presence of hypereosinophilia was also investigated and because the recent screening for occult malignancy performed for the occurrence of nonprovoked VTE, a secondary hypereosinophilia to solid malignancy was excluded too.
Yet, because the old anamnesis of skin allergy, eosinophils levels were checked again confirming at different times their increased levels; in this way further tests to specify the cause of this asymptomatic blood abnormality were planned and blood samples to detect plasma levels of IgE were planned and tested negative ( Table 2) ; usually increased levels of IgE, in fact, are present when a reaction toward common antigens is present Similarly, autoimmunity markers were looked for in order to evaluate a possible underlying Churg-.Strauss syndrome or Wegener's disease without any evidence ( Table 2 ). Fecal research of parasites associated with hypereosinophilia as Ascaris lumbricoides or pinworms had negative results. Lymphocyte clusters were tested in order to exclude an 
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Journal of Blood Medicine 2020:11 infective or autoimmune latent disorder but levels of CD4 and CD8 were not increased ( Table 2 ). An echocardiogram was planned in order to detect restrictive endomyocardial fibrosis or other intracardiac damages as pericarditis or valves' damage due to the increase of eosinophil cells but without any evidence.
Finally bone marrow aspiration to reveal potential abnormalities as myeloid malignancy or clonal alteration present in clonal idiopathic eosinophilia were also tested without evidence; for this reason, a further test as platelet-derived growth factor receptor (PDGFR) or fibroblast growth factor 1 (FGR1) rearrangements were not considered.
So the only alteration associated with idiopathic DVT was the hypereosinophilia and the only complication of chronic eosinophilia was the sudden DVT. Because hypereosinophilia is not considered a cause of provoked venous thromboembolism the patient was assigned to a long-term treatment of one year of anticoagulant drug as far as unprovoked venous thromboembolism with a direct oral anticoagulant, edoxaban 60 mg daily and associated to a low dose of steroids per os as prednisone 0.3 mg\kg with improvements on eosinophilic count (ie reduction of 10-15%).
Discussion
Incidence and prevalence of hypereosinophilic syndromes are still not well known. In the majority of cases males seem to be more affected, in particular, in middle age, but case series have been reported in all decades of life. 4 Clinical signs and symptoms may be different and may appear as contemporaneous features or at different times. Usually, skin symptoms such as urticaria or eczema or digestive symptoms such as nausea, vomiting, and diarrhea or respiratory symptoms such as asthma are the most common symptoms described by patients, but thromboses are not rare, comprising 20% or more of affected patients. 5, 6 These symptoms may also be present in clonal eosinophilia and may be associated with peripheral nervous dysfunctions or thromboembolic complications. 8 Venous thromboembolism is the one of the most commonly described thromboses in hypereosinophilia and it may influence long-term treatment and prognosis of hypereosinophilic patients. 5, 6 Several pathophysiological mechanisms have been described in the last decades to explain the hypercoagulable state induced by hypereosinophilia that may lead to thrombosis. Of course the most commonly known has been related to chronic inflammation as in the Churg-Strauss vasculitis that may cause a real thromboangiitis. 1 However, other clinical forms of hypereosinophilia may be associated with thrombosis by other noninflammatory pathways.
The proteolytic actions induced by eosinophil granules may activate the kallikrein system and so the clotting cascade by factor XII activation; the factor XII activation, increasing the activation of other proteases of clotting system, induces hypercoagulable state. 9 Protease systems, in particular, matrix metalloproteinases are also involved in cleavage of extracellular matrix proteins that also participate in myocardial remodelling during cardiac diseases as heart failure and\or pulmonary hypertension. 10, 11 Moreover, this pathway is also overexpressed by the cytokine network and the balance protease-antiprotease is able to hyperactivate clotting system per se. 11 Furthermore, the eosinophil activation and degranulation increases the release of eosinophil cationic protein that is able to bind heparin and modulate thrombomodulin so reducing the physiological anticoagulation mechanisms and so increasing the prothrombotic state in hypereosinophilia. 12, 13 The reported case is intriguing because the involvement of the skin system and the evidence of strong chronic hypereosinophilia and the systemic involvement with clinical symptoms such as deep vein thrombosis. However, although associated with comorbidity as hypereosinophilia this kind of DVT could be considered nonprovoked DVT because it is not associated with typical risk factors such as recent surgery, cancer, hypomobility, ongoing pregnancy, or hormonal treatment. 7 Moreover, classic inherited or acquired thrombophlic abnormalities were not detected either. These evaluations are needed to establish the duration of the antithrombotic treatment and may also influence the prognosis of this nonprovoked DVT associated with clinical conditions in which a thrombotic event may be detected. 14 
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